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(54) Indicator marks on an optical disk indicating that the disk has been previously accessed 



(57) A method for constructing an optical disk and a 
method of signal detection which permits a read only 
device, such as a CD-ROM or DVD-ROM reader, to cre- 
ate a permanent mark on a disk in such a way that it can 
be subsequently determined that the disk had been pre- 



viously accessed is disclosed. Such a disk facilitates the 
operation of CD-ROM or DVD-ROM based systems 
where the behavior depends on whether or not the in- 
formation on the optical disk had been previously ac- 
cessed. 
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Description 

[0001] The present invention relates to optical disks 
with indicator marks for providing information as to 
whether the disk has previously been accessed and to s 
methods of reading such disks. 

[0002] Read only optical disks such as CD-ROM and 
DVD-ROM are used to disseminate software, audio, 
and recently, motion imaging. With each of these infor- 
mation types there have been concerns of illegal copy- 10 
ing of the information. The recording industry has used 
various methods of data identification, data authentica- 
tion, and data encryption to facilitate the prevention of 
illegal copying. 

[0003] There is a generic problem of determining if the is 
information on an optical disk has been previously ac- 
cessed. Often, the first access to information is to be 
treated differently than subsequent accesses. To deter- 
mine if a particular disk has been previously accessed, 
information must be recorded on the disk during the first 20 
access to indicate that a previous access has occurred. 
This is not possible on a ROM disk such as an audio 
CD. Furthermore, devices which only read optical disks, 
such as CD-ROM drives, DVD-ROM drives, or CD, 
DVD : and LD (Laser Disk) Video Players do not have 2s 
the capability to drive the laser to a sufficiently high pow- 
er to mark an optical disk, nor to modulate the laser pow- 
er, which is the method used to record information on 
the optical disk. 

[0004] It is an object of the present invention to pro- 30 
vide a markable optical disk which is compatible with 
read channel specifications, that can be marked with 
such a read only device thereby enabling a drive to mark 
the said markable optical disk when it is accessed, and 
subsequently, to read the mark and determine in a later 35 
session whether the disk has been previously accessed. 
[0005] It is another object of the present invention to 
enable an optical disk read back device (or disk reader) 
with limited laser power or having no capacity to modu- 
late laser power to mark the said markable optical disk. 40 
This will enable the disk reader to determine if the mark- 
able optical disk has been previously marked. 
[0006] These objects are achieved by providing a 
method of providing indicator marks on the said marka- 
ble optical disk resulting from a marking process in a *s 
disk reader, the optical disk having at least one trans- 
parent layer for inclusion of information marks; a reflec- 
tive layer provided over the transparent layer and having 
at least one aperture; and a layer including a laser mark- 
able material which is adapted to provide an indicator so 
mark when a laser read beam passes through the trans- 
parent layer and the aperture in the reflective layer to 
indicate that the optical disk has been marked, compris- 
ing the step of: 

55 

a) rotating an optical disk; 

b) executing a reading process in which a continu- 
ous laser is directed through the transparent layer 



for reading the information marks; and 
c) executing a marking process in which the contin- 
uous laser is directed the through the aperture such 
that the optical properties (such as reflectivity) of the 
laser markable material are altered to form an indi- 
cator mark, and the optical properties of the reflec- 
tive layer are substantially unaltered. 

[0007] In accordance with the present invention an 
optical disk such as a CD-ROM or a DVD-ROM, is pre- 
dominantly coated with a reflective layer such as alumi- 
num. Selected regions of the disk have been masked 
during the reflective layer coating process, creating one 
or more apertures in the reflective layer, so that a thin 
film of a particularly sensitive laser markable material 
such as a "write once" phase change alloy can be ap- 
plied, and can be inspected by the readback device's 
read beam. 

[0008] It is an advantage of the present invention to 
be able to mark a pre-recorded optical disk as having 
been accessed without requiring the read back device 
to have a laser beam that must be modulated and that 
must achieve the high powers normally associated with 
writing information marks. 

[0009] It is a further advantage of the present inven- 
tion in that the markable optical disk used is compatible 
with existing read channel specifications and the mark- 
able optical disks can be used in existing read back de- 
vices that do not perform marking. 
[0010] It is a feature of the present invention that 
markable optical disks can be used in copy count 
schemes and in scenarios where the read back device 
needs to determine if the optical disk was previously 
read. 

FIG. 1 depicts an optical disk in accordance with the 
present invention, which, for example, could be a 
CD-ROM or a DVD-ROM; 

FIG. 2 shows one way of how apertures could be 
positioned in the reflective layer; 
FIG. 3 is a more detailed view of a disk which utilizes 
a reflective layer as in FIG. 2 and also showing the 
embossed or recorded data tracks and a sequence 
of apertures positioned parallel to the direction of 
the tracks (the figure is not drawn to scale.); 
FIG. 4 is a cross section view of the disk in FIG. 3, 
showing the different layers of a double sided opti- 
cal disk; 

FIG. 5 shows read back signals affected by travers- 
ing the apertures with the laser read beam in an un- 
marked and a marked track; and 
FIG. 6 is a block diagram of a read back device de- 
signed to extract the signals shown in FIG. 5. 

[0011] The present invention is particularly suitable 
for use with optical disks that have been previously re- 
corded with information marks, and more particularly to 
CD-ROM, DVD-ROM, and DVD-Video which have em- 
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bossed information marks arranged in tracks, as well as 
pre-recorded CD-R and DVD-R disks which have re- 
cordable information marks that have been created by 
moving a high power modulated laser beam along em- 
bossed grooves which define tracks. Such recordable 
information marks can be deformations in a recording 
layer amorphous zones in a crystalline phase change 
layer crystalline zones in an amorphous phase change 
layer or altered zones in a dye layer 
[0012] The present invention includes an optical re- 
cording disk and a method of marking and inspecting 
that disk. An optical disk 1 0 (see FIG. 1 ) includes a trans- 
parent layer 22 (see FIG. 4) which includes a transpar- 
ent substrate and an optional semi-transparent record- 
ing layer, with recording tracks 18 of embossed or re- 
corded information marks 20 (see FIG. 3). The surface 
of the transparent layer bearing the information marks 
is predominantly coated with a reflective layer 12, such 
as aluminum, except for one or more apertures 14, 
formed in the reflective layer (see FIG. 2 and FIG. 3). 
The apertures are coated with a layer of laser markable 
material 24, such as a "write once" phase change ma- 
terial (FIG. 4). 

[0013] An inspection process is executed by a disk 
reader 46 (FIG. 6) in which a laser read beam (typified 
by low power and lack of power modulation) 26 travers- 
es one or more apertures 14 as it is scanned along a 
recording track 18 (see FIG. 3), producing a read back 
signal which is modulated by the diffraction and reflec- 
tivity of the information marks 20. When the track being 
scanned by the laser read beam 26 traverses apertures 
14 in the reflective layer, the read back signal of an un- 
marked track 34 shown in FIG. 5 has a high frequency 
modulation due to the information marks, and a low fre- 
quency envelope the amplitude and magnitude of which 
is caused by the different reflectivities of the reflective 
layer 12 and the laser markable material 24 shown in 
FIG. 4, and the frequency of which is caused by the 
widths and spacings of the apertures in a direction par- 
allel to the recording tracks 18. An AC signal of an un- 
marked track 36 (see FIG. 5), the amplitude of which is 
proportional to the reflectivity difference between the re- 
flective layer 12 and the laser markable material 24 can 
be extracted from the read back signal by an appropriate 
band pass filter 44 which is incorporated in the read back 
channel of a disk reader 46 (see FIG. 6). 
[0014] Exposure of a track which traverses apertures 
14 in the reflective layer, will alter the optical properties 
of the laser markable material 24, (see FIG. 4) causing 
the reflectivity of the said material also to be altered. 
This "marking process" creates indicator marks 16 and 
transforms an unmarked track into a marked track. With 
reference to FIG. 5, the read back signal 38 ol a marked 
track is identical to the read back signal 34 of an un- 
marked track except that the amplitude and magnitude 
of the low frequency envelope is altered. This in turn, 
causes the AC signal 40 of a marked track to be of a 
different amplitude than the AC signal 36 of an un- 
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marked track. In this manner, the inspection process is 
used to obtain the AC signal (either 36 or 40) of a track, 
and by virtue of the signal amplitude, it can determine 
whether or not the track has been marked. 
5 [0015] Turning now to FIG. 6 where a disk reader 46 
is shown. The disk reader 46 includes an optical disk 10 
mounted on and rotated by a motor spindle 64. A laser 
48 produces a beam of laser light that is applied to a 
beamsplitter 50. A portion of the beam directly passes 
io through the beamsplitter and an objective lens 60 form- 
ing a laser read beam 26 which illuminates an optical 
disk 10. Light reflected from the optical disk is directed 
by the beamsplitter 50 to a detector 52. The detector 
produces electrical signals which are applied to the sig- 
15 nal processing system 56 which extracts data, as well, 
as tracking, focus and spindle control signals which are 
then applied to the disk reader control system 58. One 
of the signals produced by the detector is the readback 
signal (either 34 or 38) which is applied to a band pass 
20 filter which produces the AC signal (either 36 or 40) of 
a track. The AC signal (either 36 or 40) is applied to the 
indicator mark management and control system 54 
which detects the presence of indicator marks 16 as a 
result of the inspection process, and monitors the crea- 
ks tion of indicator marks during the marking process. The 
status of the indicator marks, as well as the data and 
control signals from the signal recovery system 56 are 
all applied to the disk reader control system 58 which is 
responsible for controlling the power of the laser 48, the 
30 speed of the motor 64, and the tracking and focus servos 
62 which determine the position of the objective lens 60, 
and thereby determine the position of the laser read 
beam 26. 

[0016] The widths and spacings of the apertures 14 

35 (see FIG. 2) on the optical disk 10 are selected so that 
a band pass filter 44 used to extract the AC signal (36 
or 40) is the same or of similar architecture to band pass 
filters used to extract other on-disk features such as bar- 
codes. In another arrangement, the bar-codes would be 

40 near the inner disk radius and the apertures 14 would 
be near the outer disk radius. Such a feature layout 
would have the added advantage of enabling large ap- 
ertures, which are easy to manufacture, to yield the 
same frequency as smaller bar-code marks when oper- 

45 ating the disk in constant angular velocity mode. 

[0017] The apertures 14 in the reflective layer 1 2 (see 
FIG. 2) can be optionally aligned with respect to partic- 
ular information marks 20 to facilitate the detection of 
the AC signal (36 or 40) that indicates that a recording 

50 track 1 8 is marked. Such alignment would be to register 
the aperture 14 in the reflective layer 12 so that the ap- 
ertures are located at known sector addresses with re- 
spect to the data recorded in the information marks 20. 
This would enable the disk reader 46 to synchronize cir- 

55 cuitry in the read channel that facilitates the detection 
of the AC signal 40 that indicates a marked track. 
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Example 1 

[001 8] A polycarbonate transparent layer or substrate 
22 ot 120 mm diameter and 0.6 mm thickness is em- 
bossed with recording marks arranged in tracks having 
information according to the DVD standard. The trans- 
parent layer 22 is coated with an aluminum reflective 
layer 12 (reflectivity = 90%) except for a series of 10 
apertures of width 1 mm, and spaced with centers 2 mm 
apart along the outer tracks starting at a radius of 58 
mm, and extending to the outer edge of the disk at 60 
mm. The apertures 14 are coated with 60 nm of a write 
once phase change layer including an amorphous alloy 
of Sb, In, and Sn (reflectivity = 40%). Referring to FIG. 
4, this first recording unit 28 is laminated to a second 
recording unit 30 by introducing a bonding layer 32 be- 
tween them, producing a typical double sided DVD 
package. 

[0019] Reading a recording track 18 which passes 
through the aperture sequence (inspection process) 
produces the typical read back signal of an unmarked 
track 34, and the corresponding AC signal 36 of an un- 
marked track. The amplitude of the AC signal is above 
a predefined threshold, indicating to the disk reader con- 
trol system 58 that the track is "unmarked". The inspec- 
tion process will not "mark" the track because the write 
once phase change layer will not mark at the normal 
read back disk rotation rate. In order to mark the disk, 
the rotation rate is decreased by a factor of 2x thereby 
doubling the time for which the laser markable material 
is exposed to laser light from the laser read beam 26, 
causing the write once phase change material to crys- 
tallize, and its reflectivity to increase from 40% to 60%. 
This creates an indicator mark 16 in the exposed track 
in each of the ten apertures. The creation of a series of 
indicator marks is referred to as the "marking process". 
The envelope of the read back signal 38 changes, and 
amplitude of the AC signal of the track 18 decreases 
substantially due to the now smaller reflectivity differ- 
ence between the phase change alloy and the aluminum 
reflector. The amplitude of the AC signal is now below 
the predefined threshold, causing the indicator mark 
management and control system 54 to recognize the 
track as having been -marked". It should now be clear 
that the angular velocity of the rotating optical disk 10 is 
smaller during the marking process than it is during the 
reading process. 



Example 2 

[0020] The recording element described in Example 
1 is analyzed by the inspection process in example 1. 
The inspection process will not "mark" the track because 
the write once phase change layer will not mark at the 
normal read back disk rotation rate with the normal laser 
read beam power. In order to mark the disk, the laser 
read beam power is increased by a factor of 2x thereby 
doubling the energy to which the laser markable mate- 



rial is exposed, causing the write once phase change 
material to crystallize, and its reflectivity to increase 
from 40% to 60%. The marking process is now complet- 
ed, and the inspection process now determines that the 
5 track has been marked. It should now be clear that the 
marking process is accomplished with a higher laser 
power than the reading process. 
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Example 3 



[0021] The recording element described in Example 
1 is marked by the marking process described in Exam- 
ple 1 or Example 2. The width of the indicator marks 16 
in the phase change material is narrower than the laser 

'5 read beam 26 itself, due to the near Gaussian power 
distribution and low power of the laser read beam 26. 
The track is exposed to the laser read beam for three 
additional marking passes. Additionally, the tracking 
control signal which is normally generated by the disk 

20 reader control system 58 to control the position of the 
objective lens 60 thereby keeping the laser read beam 
26 aligned with the center of the recording track 16 is 
varied for each pass, so that the laser read beam 26 
exposes a slightly different region relative to the center 

2S of the recording track on each pass. This causes the 
width of the indicator marks 16 to increase, thereby pro- 
viding a greater change in the AC signal than the mark- 
ing process described in Examples 1 and 2. 

30 Example 4 

[0022] The recording element of Example 1 is marked 
with the marking process described in Example 3. The 
response characteristics of the laser markable material 

35 are such that its exposure rate will be influenced by en- 
vironmental parameters. A lower ambient temperature 
during the marking process can cause an incompletely 
marked track. In this regard the detection of a "com- 
pletely marked track" is made by comparing the AC sig- 

40 nal from an earlier rotation to that of a current rotation. 
When the signal change between rotations is less than 
a predefined threshold : the marking process is complet- 
ed. This marking process is more robust than the one 
described in Example 3. 

45 

Example 5 

[0023] The recording element of Example 1 is to be 
marked by the marking process described in Example 

50 4. Verifying the completely marked track condition by 
noting the "lack of change" in the AC signal as a result 
of subsequent marking passes, can be improved by 
both signal averaging of multiple read passes, as well 
as multiple marking passes between comparisons. In 

55 this case the sequence 

"r-r-m-m-m-m-nvr-r°, where V is a read pass, and "m" 
is a marking pass, is executed one or more times until 
the difference of the average AC signal of the first two 
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consecutive reads, and the last two consecutive reads, 
is less than a predefined threshold. This marking proc- 
ess is more robust than the one described in Example 4. 

Example 6 

[0024] The recording element of Example 1 is marked 
by the marking process described in Example 5. The 
inspection process now determines the state of the re- 
cording element by comparing the amplitude of the AC io 
signal (36 or 40) of a potentially marked track with the 
amplitude of the AC signal 36 of a reference track that 
is at a known location and is never intentionally marked 
by a properly operating disk reader. If the difference in 
the amplitudes of the AC signal levels between the two is 
tracks is larger than a predefined threshold, then the 
disk is marked This particular detection method is use- 
ful when the marking process described in Example 5 
terminates after a maximum number of iterations there- 
by not guaranteeing an adequate change in the ampli- 20 
tude of the AC Signal lor a marked track or when the 
disk reader 46 is not the same unit which originally 
marked the recording element thereby making the am- 
plitude of the AC signal subject to drive variability . Use 
of a reference track minimizes the effects of drive vari- 2s 
ability, media variability, and environmental variability as 
all tracks are likely to be affected equall 
[0025] Other features of the invention are included be- 
low. 

[0026] The method where the angular velocity of the 30 
rotating optical disk is smaller during the marking proc- 
ess than it is during the reading process. 
[0027] The method wherein the laser read beam pow- 
er is higher during the marking process than it is during 
the reading process. 55 
[0028] The method wherein there are a plurality of ap- 
ertures formed in the reflective layer of the optical disk 
and the aperture sequence is chosen to provide a read- 
back signal from the indicator marks which has a low 
frequency envelope of substantially different frequency 40 
than the signal due to the information marks. 
[0029] The method further including providing a band 
pass filter to extract the low frequency component of the 
readback signal from the indicator marks. 
[0030] The two sided optical disk wherein there are a 45 
plurality of apertures formed over one or more of the re- 
cording tracks. 

PARTS LIST 

50 

[0031] 

1 0 optical disk 
1 2 reflective layer 

14 aperture (in the reflective layer) 55 
1 6 indicator mark 
1 8 recording tracks 
20 information mark 
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24 


laser markable material 


26 
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28 


first record in a unit 
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30 


second recording unit 


32 


bonding layer 


34 


read back signal of an unmarked track 


36 


AC signal of an unmarked track 


38 


read back signal of a marked track 


40 


AC sional of a marked track 


42 


spindle control servo system 


44 


band pass filter 


46 


disk reader 


48 


laser 


50 


beam splitter 






54 


indicator mark management and control system 


56 


signal processing system 


58 


disk reader control system 


60 


objective lens 


62 


tracking and focus servos 


64 


motor 



Claims 

1 . A method of providing indicator marks on an optical 
disk during a marking process in a disk reader, the 
optical disk having at least one transparent layer for 
inclusion of information marks; a reflective layer 
provided over the transparent layer and having at 
least one aperture; and a layer including a laser 
markable material which is adapted to provide an 
indicator mark when a laser read beam passes 
through the transparent layer and the aperture in 
the reflective layer to indicate that the optical disk 
has been marked, comprising the step of: 

a) rotating an optical disk; 

b) executing a reading process in which a con- 
tinuous laser is directed through the transpar- 
ent layer for reading the information marks; and 

c) executing a marking process in which the 
continuous laser is directed the through the ap- 
erture such that the optical properties (such as 
reflectivity) of the laser markable material are 
altered to form an indicator mark, and the opti- 
cal properties of the reflective layer are sub- 
stantially unaltered. 

2. In the method of claim 1 further including the step of: 

a) executing an inspection process in order to 
determine if an indicator mark has been formed in 
the laser markable material. 

3. The method of claim 1 wherein the marking process 
is accomplished by directing the continuous laser 
through the aperture a plurality of times to form an 
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indicator mark. 

4. The method of claim 3 wherein the transparent layer 
of the optical disk includes recording tracks which 
include information marks and wherein the marking 
process includes varying the position of the laser 
read beam relative to the center of the track as it 
passes through the aperture on successive rota- 
tions of the disk, to create an indicator mark in the 
laser recordable layer which is wider than would 
otherwise be created. 

5. A method of inspecting indicator marks provided on 
an optical disk during a marking process in a disk 
reader, the optical disk having at least one transpar- 
ent layer for inclusion of information marks; a reflec- 
tive layer provided over the transparent layer and 
having at least one aperture; and a layer including 
laser markable material which is adapted to provide 



b) a reflective layer provided over the transpar- 
ent layer and having at least one aperture over 
a portion of the recording track; and 

c) a layer including a laser markable material 
which is adapted to provide an indicator mark 
in such portion of the recording track as the re- 
sult of executing the marking process. 

9. A two sided optical disk comprising: 

a) a first recording unit and a second recording 
unit and a bonding layer securing the first and 
second recording units; 

b) each recording unit including: 

i) at least one transparent layer having re- 
cording tracks for inclusion of information 
marks; 

ii) a reflective layer provided over the trans- 
parent layer and having at least one aper- 
ture over a portion of the recording track; 
and 

iii) a layer including a laser markable ma- 
terial which is adapted to provide an indi- 
cator mark in such portion of the recording 
track as the result of executing the marking 
process. 



an indicator mark when a laser read beam passes 20 
through the transparent layer and the aperture in 
the reflective layer to indicate that the optical disk 
has been marked, comprising the steps of: 

a) rotating an optical disk; and 2s 

b) executing an inspection process in which a 
continuous laser is directed through the aper- 
ture to inspect for the presence of indicator 
marks. 

30 

6. An optical disk comprising: 

a) at least one transparent layer for inclusion of 
information marks; 

b) a reflective layer provided over the transpar- 35 
ent layer and having at least one aperture; and 

c) a layer including a laser markable material 
which is adapted to provide an indicator mark 
as the result of executing the marking process. 

40 

. An optical disk comprising: 

a) at least one transparent layer having a re- 
cording track for inclusion of recordable infor- 
mation marks; 45 

b) a reflective layer provided over the transpar- 
ent layer and having at least one aperture over 
a portion of the recording tracks; and 

c) a layer including a laser markable material 
which is adapted to provide an indicator mark so 
in such portion of the recording track as the re- 
sult of executing a marking process. 

An optical disk comprising: 

ss 

a) at least one transparent layer having a re- 
cording track for inclusion of embossed infor- 
mation marks 



6 



EP0 932 147 A2 



10 




FIG. 1 
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